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INTRODUCTION

This plan describes USGS Water Resources programs in Hawaii and other Pacific islands, and
provides arationae for USGS programs in hydrologic data collection and investigative work.
The Hawaii District is part of the Western Region of the USGS. Other USGS offices working in
Hawaii and the Pacific Islands include the Pacific Island Ecosystems Research Center, Hawalii
Volcano Observatory, Coastal and Marine Geology Program, Coral Reefs of Hawaii and the
Pacific, and National Mapping. These USGS offices work together to provide relevant, impartial,
and high-quality scientific information to promote public safety and wise resource management.

The geographic domain of these investigations includes the islands in the State of Hawaii, the
Commonwealth of the Northern Marianas, the Territories of Guam and American Samoa, the
Federated States of Micronesia, the Republic of the Marshall 1slands, and the Republic of Palau.
These islands can generally be classified as either high islands (volcanic or limestone islands
with an elevated land mass) or atoll islands (low-lying carbonate islands along the perimeter of a
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coral atoll).

The main office of the Hawaii District isin Honolulu. Field offices are located on Kauai, Maui,
Hawaii, and Saipan. The District operates a network of stations that collect information on
streamflow, suspended sediment, lake and reservoir stage, ground-water level and salinity,
rainfall, and evapotranspiration. The District also carries out interpretive studies on the quantity,
quality, and dynamics of surface and ground water. For more information on the organization
and activities of the District, go to http://hi.water.usgs.gov/. Work in the Hawaii District is
funded by many cooperating agencies, as well as by federal funds allocated to the District.

Most islands contain water resources of significant economic, cultural, and ecologic importance.
In many areas, ground water provides essentially all municipal and domestic water for expanding
populations, while streams provide water supply for agriculture and important riparian and
instream habitats for many threatened and endangered species. Hydrologic and climatic
variability complicates the understanding and management of water resources. In addition, the
physical, chemical, and aesthetic quality of receiving waters, such as estuaries, bays, and
nearshore waters are important to both the ecology and the tourism-based economies of Hawaii
and other Pacific islands. Asisland populations continue to grow, water resources are becoming
more intensively developed, and in many areas the competition for resourcesis fierce.
Consequently water-resource development has become an increasingly important component of
political, economic, cultural, and environmental decisionmaking. Important water-related issues
include:

e Long-term ground-water availability

e Quantity and variability of streamflow

e Water and sediment transport within watersheds

e Water-quality changes related to land use

e Climatic variability
All of these issues are relevant to the management of water resources in the State of Hawaii and
also are relevant to many of the high islands in the western and south Pacific. On the atolls of the
western Pacific, the absence of mountains and surface-water resources limits the issues of
concern to long-term ground-water availability, water-quality changes related to land use, and
climatic variability.
Past and present activities of the USGS and future actions directed at these issues are discussed
in sections specific to the Hawaiian islands, other high islands in the Western and South Pacific,
and coral atollsin the Western Pacific. For each issue, the following outline is used:
e Background—This section briefly presents the historical, social, and technical contexts of the

issue, and describes why the issue is important to the Nation, the State of Hawaii, or other
affiliated island groups.
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e Current knowledge and USGS participation—This section describes the state of current
knowledge regarding technical aspects of the issue, including the extent of available data and
the level of understanding of hydrologic processes that affect the issue. Participation by the
USGS in data collection and interpretation is outlined, as well as current contributions and
approaches to advancing the state of hydrologic knowledge and understanding.

e Information needs and deficiencies—Some lack of information and/or lack of scientific
understanding of the hydrologic and ecologic systemsis usually at the heart of an issue. The
types of hydrologic information and understanding that are currently lacking and that are
most critical for resolving the issue are outlined and described in this section.

Each issue is described most completely in the section on the Hawaiian islands. Details specific
to the other areas are discussed in the sections on the high islands of the Western and South
Pacific, and atolls of the Western Pacific.

HAWAIITAN ISLANDS-WATER ISSUES

The State of Hawaii has atotal land area of about 6,400 square miles. The inhabited islands
range in size from 70 (Niihau) to 4,000 (Hawaii) square miles. The island of Oahu, which has an
area of roughly 600 square miles, isthe capital and home to about two-thirds of the residents of
the State. The State is divided into four counties with each major island being a separate county.
Thetotal population of the State is now about 1.2 million, and has grown from about 0.5 million
in 1950. Thisincrease in population has resulted in widespread changesin land use and an
increase in the demand for freshwater.

Rainfall at various locations in the State ranges from 15 to more than 400 inches annually.
Watersheds on the windward sides of islands tend to have perennial streams sustained by
ground-water discharge, whereas |leeward watersheds typically have ephemera streams.
Watersheds are small and streamflow rises quickly during storms. Traditionally, streamflow was
an integral part of the native culture and surface water was used to irrigate taro. Extensive
diversion of surface water for commercial cultivation of sugarcane started in the late nineteenth
century and still continues, although for other uses in addition to sugarcane. This diversion,
along with the introduction of grazing mammals, has greatly changed the characteristics of many
watersheds.

Most aquifers are unconfined. Variability in geologic settings, rock permeabilities, and recharge
result in ground-water occurrence ranging from thin lenses of brackish water underlain by
saltwater to vertically extensive freshwater bodies. In many areas, streams are incised below the
water table and ground-water discharge is an important component of stream base flow. Ground
water isthe major source of potable water, but the extent and sustainability of this resourceis
unknown. Management of water resources is entrusted to the State Commission on Water
Resource Management (CWRM).

In summary, the State has a large and growing population that is unevenly distributed on several
small islands. Hydrologic processes are highly variable over short intervals of space and time,



and multiple demands for limited resources have reinforced the need for scientifically sound
approaches to water management. Described below are activities of the USGS and a vision of
additional work needed to further the scientific basis used to manage water resources.

L ong-term ground-water availability

Background

Ground-water availability is amgor water-resource issue in Hawaii. Ground water provides
about 99 percent of Hawaii’ s domestic water and about 50 percent of all freshwater used in the
State. Most ground water in Hawaii is developed in accessible areas, at low elevations, and near
existing popul ation centers. The potential for saltwater intrusion is high for many important
sources of ground water in Hawaii. The long-term availability of ground water is dependent on
the distribution and rates of ground-water pumping and on the depth of individual wells. Fresh
ground water also is obtained from systems where water levels are tens to hundreds of feet above
sea level. Although high water levels generally provide protection from saltwater intrusion, the
long-term availability of water in such systems may be difficult to predict because of the

geol ogic complexity.

In addition to its economic value, ground water is also ecologically and culturally important.
Ground water sustains coastal springs and wetlands, supplies a component of freshwater to
native Hawaiian fishponds, and in some areas of the State contributes to perennial streamflow.
Streams and wetlands are habitat for endangered and native species.

Considerable competition existsin Hawaii for limited ground-water resources. Because ground-
water development can affect (1) the quality of water pumped from existing wells, (2) stream,
wetland, and coastal ecosystems, and (3) water availability for farmers that rely on ground water
or base flow in streams, proposals for additional development are often met with opposition.

Regulation of ground-water development should consider, among other things, the hydrologic
effects of proposed withdrawals. The method currently used to estimate sustainable yield,
however, does not account for the spatial distributions of aquifer hydraulic properties, pumping,
recharge, and discharge. Thus, the method cannot address the effects of proposed withdrawals on
water levels and water quality near existing wells or the reduction of ground-water discharge to
streams, wetlands, and coastal springs. The use of numerical ground-water models and
information from monitor wells will more accurately address the hydrol ogic effects of ground-
water development in the most important aquifersin the State. Numerical models also can be
used to address the issue of reduction of ground-water discharge to streams, wetlands, and
coastal ecosystems.

Current knowledge and USGS participation

In Hawaii, the most important sources of ground water are freshwater-lens systems, which
include alens-shaped freshwater body, an intermediate transition zone of brackish water, and
underlying saltwater. At high elevations, ground water may also be found associated with dikes,



perched water bodies, or where low permeability has led to avertically extensive ground-water
body.

e The USGS has developed numerical ground-water flow models to quantify the hydrologic
effects of additional withdrawals and to address the issue of long-term availability of ground
water in selected areas of the State. Studies have been done in areas where development is
widespread and in areas where ground water has either not been developed or is minimally
developed. Completed studiesinclude: the central corridor of Oahu, which contains the most
important aquifer of the State; North Kohala and the Kona area on the island of Hawaii; the
Lihue Basin on Kauai; and the island of Molokai.

e Recent ground-water studies have identified alarge region on Kauai where vertically
extensive freshwater-lens systems exist. Thisregion is characterized by high water levels, but
the high water levels are not associated with dikes or perched aquifers. Information from test
drilling, aquifer testing, hydrologic monitoring, and numerical modeling provide internally
consistent evidence that indicate the high water levels are part of thick, fully saturated
aquifers created by relatively large ground-water fluxes through low-permeability aquifers. A
similar situation appears to exitsin parts of the northeast area of West Maui.

e The USGS has estimated ground-water recharge for some areas of the State, including those
areas where numerical flow models and new conceptual models of ground-water flow
systems have been devel oped.

e Sustainableyield in Hawaii is calculated using an analytic model. The USGS recently
completed a report comparing water levels calculated using a numerical ground-water flow
model with those calculated using this analytical model. The report highlights some of the
technical limitations of using an analytical model to estimate long-term ground-water
availability.

e For the lao aquifer on Maui, the USGS conducts a monitoring program to help in the
assessment of the long-term availability of ground water. The USGS summarizes rainfall,
ground-water levels, pumpage, and chloride concentration in water from pumped wells, and
depth to, and thickness of, the transition zone between freshwater and saltwater. This aquifer
isthe largest on Maui and the second most important in the State.

e The USGS has used numerical models to estimate the reduction in discharge to coastal areas
of southern Molokai, wetlands in the Kal oko-Honokohau National Historical Park on the
island of Hawaii, and streams and coastal waters near the Lihue Basin (Kauai) that may be
caused by possible ground-water withdrawals.

e The USGS has been monitoring discharge at the Pearl Harbor Springs of southern Oahu for
about 30 years to quantify the effects of ground-water withdrawals on spring discharge.
Discharge from the springs maintains coastal wetlands and is used for watercress cultivation.

e Drilling of monitoring wellsis done to provide opportunities for long-term data collection,
geohydrologic exploration in new areas, and to enhance our conceptual understanding of



ground-water flow. Areas of exploration include the Lihue Basin on Kauai, the north shore
and Pearl Harbor aguifer on Oahu, the Kualapuu area of Molokai and the Kula area of Maui,
and several locations on the island of Hawaii.

I nformation needs and deficiencies

The following information needs and deficiencies related to the issue of long-term ground-water
availability were identified:

I mproved recharge estimates—A ssessing long-term availability of ground water requires
accurate estimates of ground-water recharge. Although recharge has been estimated for some
areas, statewide recharge estimates are needed for effective management of ground-water
quantity and quality.

Numerical simulation of resource sustainability—A ppropriate management of the limited
ground-water resources of the islands, for both average and drought conditions, requires
development of predictive tools such as numerical ground-water flow models. New modeling
codes alow for more detailed ssimulation of ground-water flow that considers the mixing of
fresh and salt water within the aquifer. Such models, if constructed with accurate field data,
can provide important insights into the effects of pumping and the long-term sustainability of
ground-water resources.

I mproved monitoring of water levels—A better spatial distribution of water level monitoring
is needed to improve the understanding of the ground-water flow systemsin the State and to
improve estimates of ground-water availability.

Assessment of hydrologic and ecologic effects of ground-water development—Ground-
water withdrawals cause a reduction of discharge to streams, wetlands, and coastal
ecosystems and possibly an increase in salinity of the water discharging to these ecosystems.
In some areas of the State, the hydrologic effects of proposed withdrawals have been
estimated using numerical ground-water flow models. However, the hydrol ogic effects of
additional withdrawals are unknown for some of the State’' s important aquifers. Furthermore,
the ecol ogic effect of reduced ground-water discharge to streamsis poorly understood.

Determination of the depth of ground-water flow systems—An improved understanding of
the depth of ground-water flow systemsin some areas of the State is needed to refine
conceptual and numerical models. For instance, the depth to which ground water flowsin
vertically extensive freshwater-lens systems and dike-impounded systemsis poorly known.

Evaluation of salinity data from deep monitor wells—In some areas, there is heavy reliance
on salinity-versus-depth profiles from deep monitor wells to regulate withdrawals. Because
of possible borehole flow effects, however, salinity profiles from deep monitor wells may not
accurately reflect salinity in the aguifer. Measurement of borehole flow is needed to evaluate
the validity of salinity datafrom deep monitor wells



e Three-dimensional upconing analysis—Long-term availability of ground water can be
limited by saltwater intrusion problems such as upconing beneath production wells. Better
estimates of dispersivity and vertical hydraulic conductivity are needed to improve the
understanding of upconing in the different ground-water settings in Hawaii. These improved
estimates can be used in athree-dimensional analysis of upconing using a numerical flow and
transport model.

e Aquifer properties—Many single-well aquifer tests have been conducted in Hawaii.
However, much of the data have not been compiled or analyzed. Compilation and analysis of
existing data can lead to an improved understanding of the flow systemsin some areas of the
State. Furthermore, multiple-well aquifer tests are needed to estimate aquifer-storage
properties, which are needed to understand the transient effects of withdrawals.

e Hydrologic settingsin poorly understood areas—In some areas of the State, long-term
ground-water availability is poorly known because the hydrologic setting is not well
understood. In these areas, additional hydrologic and geologic information is needed to
improve the understanding of the conceptual framework of the ground-water flow system.

e Capture zones of wells—Estimates of the capture zones of production wells are needed to
assess the potential for ground-water contamination at the wells. This information can have a
bearing on the long-term availability of ground water from an area.

Quantity and variability of streamflow

Background

Streams currently provide about 50 percent of all freshwater used in the State. The largest use of
streamflow has been for irrigation. Traditionally, streamflow was diverted for taro cultivation.
Since the late 1800's and early 1900's, much of the water in the perennial streams of Hawaii has
been diverted for large-scal e sugarcane cultivation. The water is transported from the wetter,
mountainous windward areas to the drier, flatter, leeward parts of the islands through networks
of ditches and tunnels. At many sites, the diversion of streamflow is sufficient to take al dry-
weather flow of the streams at the point of diversion.

The development of high-level ground-water resources in some settings can al so reduce the base
flow of streams by diverting the ground water away from gaining stream reaches. Consequently,
assessments are needed of the amount and spatial input of ground water to streams, especialy in
areas undergoing ground-water development. In addition, estimates are needed of the magnitude
of ground-water input to streams and the potential 1osses associated with any proposed ground-
water developments.

The use of surface water in Hawaii is highly contentious because the economic need for
agricultural and municipal water must be balanced against the cultural and environmental needs
for the resource. There is a growing appreciation that the small watershedsin Hawaii are
hydrologically sensitive and the associated aguatic ecosystems are fragile. Streams support



aguatic species found only in Hawaii. These species require sustained and variable streamflow
conditions to survive. Also, surface water in Hawaii has been an integral part of the native
culture, specifically for taro irrigation and subsistence harvesting of freshwater biota. Water in
streamsis also important for recreational and aesthetic purposes and its contribution to nearshore
waters and ecosystems. Predicting the hydrologic and biologic effects of streamflow diversions
or flow restorations will become increasingly important to decisionmakers.

In addition to the issues discussed above, which deal primarily with limited availability, excesses
of streamflow can also be a significant cause for concern. In Hawaii most stream drainage basins
are small and have steep slopes. As aresult flash floods that occur in response to short periods of
intense precipitation are common in Hawaii. These floods pose significant threats to life and
property. In addition to the safety issues associated with floods, runoff plays an important role in
the life cycles of numerous aquatic species. Large fluxes of freshwater provide both the signal
and pathway used to migrate upstream or out to the ocean, depending upon the species and the
phase of itslife cycle.

Current knowledge and USGS participation

Assessing the quantity and variability of streamflow in Hawaii is driven by the use of surface
water for irrigation and drinking water, information for flood control and municipal planning,
concern over watershed degradation, the instream needs of aquatic communities, and water rights
of native peoples. Characterization and measurement of streamflow is central to understanding
these issues. In general, streamflow information has been gathered at specific sites aong selected
streams using continuous-record stations. To supplement the continuous-record stations, selected
data are collected at partial-record stations such as crest-stage gages and low-flow stations.
Synoptic base-flow discharge measurements along a stream reach (seepage runs) are also used to
intensively characterize flow along selected sections of streams.

The stream-gaging program in Hawaii has been only moderately successful in documenting the
quantity and variability of streamflow. According to a 1994 analysis of the stream-gaging
program in Hawaii, only 139 of 376 perennia streamsin the State have been gaged. Only nine
continuous-record gages have been operated on ephemeral streamsin Hawaii. The USGS
currently (2002) operates a network of 76 continuous-record and 104 crest-stage gagesin
Hawaii. These gages are funded by avariety of Federal, State, and County cooperators. Data
collected at these gages are published in a series of annual data reports and are made availablein
electronic data bases. To date, the only statewide analyses of streamflow characteristics at gaging
stations was published using data through 1979.

Data cannot reasonably be collected at al sites on all streams. Therefore, to understand
streamflow quantity and variability, other techniques have been used. Seepage runs have been
used to extrapolate low-flow characteristics complied at continuous-record stations to many
locations along a stream reach. Numerous seepage runs have been conducted in northeast Maui
and in Waiahole Valley on Oahu. Another data extrapolation technique is the use of statistical
regionalization methods to transfer data collected at gaging stations to locations where no data
currently are available. A regional flood-frequency study was done for theisland of Oahu in
1994. Although the most recent analysis of this type for the other Hawaiian islands was



published in 1972, the USGS is currently revising statewide estimates of flood magnitudes at
different recurrence intervals.

A regional analysis to estimate median streamflows for the windward area of Oahu was done in
1992. That study was moderately successful, indicating that techniques currently used to transfer
low-flow characteristicsin Hawaii need further refinement.

Recent USGS efforts to expand our understanding of low-flow characteristics have been directed
to: 1) defining the base-flow component of streamflow at selected gaging stations, 2) conducting
seepage runs on selected streams, 3) utilizing the above information to assist in calibration of
ground-water models and to demonstrate via the models the relation between surface water and
ground water in the modeled area, and 4) presenting results of these efforts.

The USGS has been increasingly involved with the issue of surface-water diversions. A recent
landmark case concerns the Waiahole Irrigation System, which collects water that would
otherwise discharge to streams on windward Oahu. Numerous groups petitioned to have the
water restored to the streams, and a decision called for part of the diverted water to be restored to
the streams. The USGS was involved in this process from the beginning because of the role of
the USGS as an impartial scientific agency. We have helped to evaluate how any reduction of
irrigation water being transferred to leeward Oahu will affect the Pearl Harbor aquifer. More
recently, the USGS has increased data-collection efforts in windward streams through additional
gages, seepage runs, and low-flow partial record sites.

The Waiahole case was only the first of what will likely be an ongoing process in Hawaii to
reevaluate alternative and often-conflicting uses of streamflow. Similar issues are being raised
involving diversion of Honokohau Stream in West Maui, the Lower Hamakua Ditch on the
island of Hawaii, and the East Maui Irrigation System. The cultural, economic, and
environmental consequences of these decisions will have major implications in Hawaii for many
years to come. A report on the Honokohau system is currently undergoing review. To provide
information regarding the Lower Hamakua Ditch issue, the USGS is using seepage runs and
collecting other low-flow data to quantify the variability of base flow in Waipio Valley. The
USGS isalso starting afive year study of stream characteristics and aguatic habitat for streamsin
east Maui that are affected by flow diversions. Information from this study should permit the
establishment of technically based instream flow standards.

In terms of flood issues, the USGS recently completed areport that documented peak flows and
geomorphic changes resulting from alarge storm in November 2000 on the east coast of the
island of Hawaii.

I nformation needs and deficiencies

The following information needs and deficiencies related to the issue of the quantity and
variability of streamflow are:

e Analyses of existing streamflow data—Statistical analyses of existing data are needed to
summarize streamflow information for greater use by cooperators and the public. Data



summaries such as flow-duration curves, monthly and annual means, and low and high flow
duration and frequency analyses are often required. In addition to the statistical summaries of
data, interpretive efforts such as trend analyses are important to indicate possible changes in
water availability over time. The most recent statistical summary of streamflow information
in Hawaii used data through 1979. Since then no extensive trend analysis effort has been
undertaken.

Real-time distribution of streamflow data via the I nternet—Although the number of stations
isincreasing, at present only 19 of the 76 operational stream gagesin Hawaii transmit datain
near real-time. Real-time data are useful for flood warning, management of water systems,
and operation of specialized data-collection programs. This network, as well as the data
processing and Internet resources necessary to support it, should be expanded.

Determination of discharge at stream mouths—Most stream gages in Hawaii have been
operated in upland areas where diversions were planned. Little is known of the total flux of
freshwater to Hawaii's nearshore waters and the associated contaminant loads this flow
transports.

Flow quantification on ephemeral and intermittent streams—M ost continuous-record
stream gages in Hawaii have been operated on perennia streams. Asaresult, littleis known
about the persistence of flow on ephemeral and intermittent streams and how much surface
runoff takes place. These data would be useful in water budget and ground-water recharge
studies and studies concerned with the attenuation of flood peaks along losing stream
reaches.

Spatial and temporal variability of streamflow—One of the most significant problems
related to the description of streamflow in Hawali is the extreme variability that exists along
stream reaches. Our data network has been oriented toward describing conditions at a given
point on a stream and little has been done to eval uate techniques that could be used to
extrapolate these point data to alternate locations along the stream, and estimate spatial
variability at ungaged sites. These issues would be addressed by increased collection of data
at low-flow partial record sites and seepage runs. The operation of paired gages along stream
reaches would also help to address the issue of spatial variability. Interpretation of these data
will require improved regionalization techniques (below).

Determination of stream discharge at land-use boundaries—In Hawaii, the headwaters of
virtually every watershed are in forested, conservation areas, and lower sections of the
watersheds are commonly either in agricultural or urban lands. Boundaries between the
different land-use areas are often distinctive. Runoff data that is specific to the major land-
use typesis needed for use in developing best management plans for watersheds and
identifying contaminant and sediment sources.

Regionalization of streamflow characteristics—Streamflow data cannot be collected at all of
the locations where it is needed. Therefore alternative techniques for transferring streamflow
characteristics from gaged to ungaged locations need to be investigated. Commonly used
regionalization techniques include use of hydrologic modeling and statistical regression
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procedures. These techniques could be used to provide improved estimates of streamflow
characteristics at ungaged locationsin Hawaii.

e Ground-water/surface-water interactions—Interim streamflow standards call for the
maintenance of streamflows at their current levels. Prior to development of new ground-
water sources, effects on streamflows need to be assessed. To make this determination there
isaneed to understand the nature of ground-water/surface-water interactions. Such analyses
also serve to increase the understanding of the hydrology in agiven area. Thisinformation is
important to other areas of study including migration of contaminants in the hydrologic
environment.

e Determination of biologically based instream flow standards—Biologically based instream
flow standards are needed to protect native aguatic communities. Instream flow is only one
part of the larger stream riparian habitat issue, which includes riparian habitat,
geomorphology, sediment, and all other physical features that influence aquatic life. Most
concerns about native species focus on the types of habitat streams should be managed for
and the practices within awatershed that will promote the sustainability of those habitats.
Thereis aneed for regional-scale habitat assessments and a better understanding of fluvial
geomorphologic processes that affect them.

e Water-use data—Diversions of water for both off-stream and near-stream uses are common
in Hawaii. What is commonly unknown are the total numbers of diversion points, the
amounts of water diverted, and the ultimate fate of diverted waters (does some part of the
diverted water end up being returned to the stream?). The lack of streamflow-related water-
use data can present a significant roadblock that prevents the development of accurate data to
describe the quantity and variability of streamflow in Hawaii.

Erosion and sediment transport

Background

The landscapes of the Hawaiian islands are unusual in comparison to those of North America,
indicating that processes of erosion and sediment transport in Hawaii may differ substantially
from processes in other parts of the United States. These apparent differences are increasingly of
practical importance, because relatively little information on erosion and sediment transport is
available for Hawaiian watersheds. As aresult, empirica models developed for the mainland
United States are being used by land managers to assess erosion and evaluate alternative land-use
and conservation practices. The applicability of empirical models developed for use on the
mainland for to evaluate erosion in Hawaii has not been well established, particularly for the
mountainous, forested areas managed as the State-designated conservation-use districts.

Soil erosion from agricultural and conservation lands have caused concerns for many yearsin
Hawaii, partly because of perceived relations between soil erosion and decreased infiltration of
rainfall to ground water in upland watersheds. An extensive system of Forest Reserves was
established, beginning during the Monarchy and into the early Territorial period, with the
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intention of protecting these watersheds.

Recently, the Clean Water Action Plan has renewed effort to control erosion and reduce
sediment loads. Sediment was identified as the primary nonpoint source pollutant in the State,
and sediment is now the focus of the Total Maximum Daily Load (TMDL) plans being
formulated in Hawaii.

Erosion and sediment transport in Hawaiian watersheds are of concern because sediment causes
or isrelated to the following adverse environmental and economic problems:

e Increased turbidity, reduced instream water quality, and impaired aguatic habitat

e Lossof agricultural soil productivity

e Damageto cora reefs due to “smothering” with deposited sediment, transport of adsorbed
contaminants to coastal receiving waters, and aesthetic impairment of coastal waters

important for resident and visitor recreation

e Reduced flood storage capacity in engineered flood-control structures and decreased
efficiency in agricultural water-delivery systems

Although erosion and sediment transport are natural processes of landscape evolution, erosion
rates in Hawaiian watersheds have been accelerated since settlement and development of the
islands as aresult of:

Large-scale sugar and pineapple cultivation, as well as coffee and macadamia nuts, and more
recently diversified agriculture

e Introduction of feral ungulates, including pigs, goats, sheep, and deer, that destroy native
vegetation and disturb soils, particularly in the more remote areas of the islands

e Livestock grazing, which causes the same problems as feral ungulates, but which is
commonly concentrated in lower and drier areas

e Introduction of invasive alien plants that offer less protection from soil erosion than native
plants and increase the frequency of wildfires

e Military training, including live-fire exercises

The combination of destructive land-use practices, introduced plants and animals, and extreme
variationsin rainfall have created spectacular examples of accelerated erosion in Hawaii. The
most extreme example is the island of Kahoolawe, which was used as a military firing range for
many years. Other obvious examples can be found in the drier areas of the islands of Molokai
and Lanai. Erosion has probably also been accelerated in wetter areas, but the more extensive
forest cover in these areas makes the erosion less noticeable.
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Increasingly, efforts are being made to restore forested watersheds in Hawaii to more natural
conditions. Public agencies and private organizations and landowners are working together to
eliminate exotic plants and grazing animals and to replant native trees. The expenditures of time,
effort, and funds on such projects are motivated in part by the desire to reduce sediment |oads for
protection of aquatic habitat and coastal water quality. Several such efforts are currently
underway, although little scientific guidance is available. In particular, the identification of the
most significant source areas of contaminants would allow projects to focus on the areas where
they will be most effective.

Current knowledge and USGS participation

Most of the information available on erosion and sediment transport in Hawaii was collected on
the island of Oahu. Landslides on Oahu have been studied, measured, and related to long-term
landscape evolution. In addition, denudation rates have been calculated for some of the Kaneohe
Bay watersheds. Suspended-sediment data have been collected at gaging stationsin the central
windward and leeward Koolau Range on Oahu by the USGS, primarily for studies related to
construction of the H-3 freeway, and also at afew other locations. The USGS completed an
investigation of sediment sourcesin the North Halawa Valley in 1992 that examined erosion by
natural processes and erosion resulting from highway construction. Datafor TMDLs are
currently being collected by USEPA contractors in several watersheds.

Data on erosion from agricultural fields have been collected at locations throughout the islands
by the Natural Resources Conservation Service (Dept. of Agriculture) and the University of
Hawaii College of Tropica Agriculture and Human Resources. In addition, USGS data have
been used in an islandwide study of watershed denudation emphasizing chemical weathering.

The unusually large 1980 Olokele landslide on the island of Kauai was studied by the USGS
shortly after it occurred. More recently, sediment transport by the Hanalel River, also on Kauali,
has been studied by researchers from the University of Hawaii.

Currently, the USGS has no sediment program in Hawaii. The last sediment station operated for
the H-3 Highway network were discontinued at the end of the 1999 water year. Limited sediment
datawere collected as part of the Oahu NAWQA program, but no daily suspended-sediment
stations were being operated. Determination of suspended sediment flux and delivery to coastal
waters requires data from automatic samplers because the flashy nature of Hawaiian streams
makes it unlikely that representative samples can be collected manually.

I nformation needs and deficiencies

Given the limited information available, the needs and deficiencies are understandably
substantial. The most urgent regulatory needs are for information for the preparation of total
maximum daily loads (TMDLSs) for 63 water-quality limited segments identified by the State
Department of Health. Overall, scientific information needs for the State are:

e Sediment loadsin relation to land use—For planning purposes, the State of Hawaii
classifies land use into three types. urban, agricultural, and conservation, which includes
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forest reservesin mountainous areas. Recent efforts to deal with nonpoint source pollution
have focused attention on the relative contributions of these three land-use types to sediment
loads reaching impaired-quali